The effect of glyoxalase I on the metabolism of 4,5-dioxovaleric acid.
Biosynthesis of 5-aminolevulinic acid in mammalian cells is catalyzed by aminolevulinic acid synthase in a condensation reaction utilizing glycine and succinyl X coenzyme A. An alternate pathway in mammalian cells may involve the biosynthesis of aminolevulinic acid via a transamination reaction in which L-alanine is the amino donor and 4,5-dioxovaleric acid is the acceptor. This transamination reaction, or one very similar, is employed by plants for the biosynthesis of aminolevulinic acid which is ultimately converted to chlorophyll. The effect of glyoxalase I on the diversion of dioxovaleric acid to other products was tested using both purified glyoxalase I and crude tissue homogenates. Glyoxalase I is a metalloenzyme and glutathione is a co-substrate. Purified glyoxalase I reduced the amount of aminolevulinic acid formed in the presence of dioxovaleric acid, L-alanine, glutathione, and purified L-alanine: 4,5-dioxovaleric acid aminotransferase (dioxovalerate transaminase). The conversion of dioxovaleric acid to aminolevulinic acid was inhibited by the addition of glutathione when a dialyzed bovine liver homogenate served as the source of both glyoxalase I and dioxovalerate transaminase. Removal of metals from bovine liver homogenates produced an 85% decrease in glyoxalase I activity. These 'metal-free' homogenates still affected the conversion of dioxovaleric acid to aminolevulinic acid after preincubation with MgSO4. The effect of glyoxalase I on the metabolism of dioxovaleric acid was also studied using a fluorometric enzyme assay for the quantification of dioxovaleric acid via a coupled enzyme reaction converting it to uroporphyrin. Homogenates of both liver and barley diminished the amount of dioxovaleric acid detected by the coupled assay, but this effect could be prevented by dialysis of the homogenates. Addition of glutathione to dialyzed homogenates markedly reduced the amount of uroporphyrin generated from dioxovaleric acid. Metal-free homogenates supplemented with glutathione reduced the conversion of dioxovaleric acid to uroporphyrin in the coupled assay, but preincubation with MgSO4 greatly augmented this effect. These studies point out the difficulty in evaluating dioxovaleric acid as a heme precursor using whole cell homogenates.